Estero Bay and Watershed Assessment Estero Bay Research Plan

1.0 RESEARCH GOALS

1.1 Introduction tothe Research Plan

In 1997, the South Florida Water Management District undertook an Estero Bay and Watershed
Management and Improvement Plan, amulti-year project. The District's prime consultant, PBS& J,
is charged with conducting an Estero Bay Assessment and an Estero Watershed Assessment. The
watershed assessment will develop land and water management strategies to achieve water quality
and quantity objectives for the Bay. Major assessment activities include physical descriptions of
major features and current management practices, identification of water quality trends, ranking of
potential pollution problem areas, and compilation of input data for a watershed model to evaluate
management scenarios. A subsequent assessment phase utilizes modeling for scenario evaluation.

The Estero Bay Assessment will definewater quality and water quantity objectivesor pollutionload
reduction goals for the Bay and develop tools to evaluate the effects of watershed management
techniques on the Bay. The Estero Bay Assessment involves the application of alogical protocol
for designing study and management plans, to identify the types of pollutants and their impacts on
estuarine environments. The first and present phase of the assessment will result in an Estero Bay
Research Plan, based on management goals for the estuary. A subsequent assessment phase
implements the research plan.

TheEstero Bay Research Plan followsamethod devel oped by Mote Marine Laboratory for the South
Florida Water Management District's study of south Florida estuaries, applied first to the St. Lucie
River and estuary. First, goals are established for the Bay. Next, research questions appropriate to
each goal are identified. Finally, specific analytical methodologies are defined to answer each
research question. Taken as awhole, these tasks will comprise the Estero Bay Research Plan.

Goals are identified through an analysis of existing laws, rules, policies, and other statements of
social expectations for the Bay ("authorities'). These same sources provide insight to the valued
ecosystem components of the Bay. Primary goals are developed around each major ecosystem
component, and are written to meet criteria of meaningfulness, verifiability, and practicality.
Secondary goals are identified around stressors known or suspected to play a significant role in
regulating the condition of valued ecosystem components. Where needed, tertiary goals may be
identified in order to complete a causa link between valued ecosystem components, and
management actions.

This report summarizes areview of authorities made for the purpose of identifying ambitions for,
and valued ecosystem components of, Estero Bay. Goals are recommended. These goals will be
used inthenext project task to devel op empirical questionsof two forms: oneform seeksto establish
status and trends of the estuary, and the other form asks questions regarding controlling processes.
Such questionswill guide the definition of analytical methods which, if implemented in the second
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phase of the Estero Bay Assessment, are expected to generate information useful in the definition
of water quality and water quantity objectives or pollution load reduction goals for the Bay.

1.2 EsteroBay and Bay Science

Estero Bay isasmall estuary on the southwest coast of Florida. L.ong knownto fishermen and nature
enthusiasts as a productive and beautiful environment, it otherwise wasrelatively un-noticed by the
general public or state resource managersuntil after World War I1. Asthe population of Lee County
grew, so also did pressures to develop in and near the Bay. Effortsto protect the Bay grew aswell,
and most of what is known about the Bay is the result of the tension between growth and
preservation.

Two periods may be noted as high-water marksfor the generation of scientific information on Estero
Bay. Thefirst accompanied unsuccessful plansin the early 1970sto develop alarge tract of lands
fringing the Bay (Estuaries Properties, 1975). The "Estuaries’ proposal generated considerable
public support for Bay protection. Legal arguments surrounding the proposal eventualy led to
landmark decisions favoring the State of Florida's authority to regulate development in and near
sovereignty lands. Studies of the Bay made by the developers and state added much to our present
knowledge of the Bay, and in many respects form the earliest or baseline information available on
bay ecology.

The second significant period for science in Estero Bay began in the 1990s and has continued
through the present. It too has been propelled in large measure by the tension between intense
development, and growing public stewardship campaigns. Two features distinguish the present
phase. First, more individual studies have been made, or are underway, than in any comparable
period of time. Second, investigators are seeking to paint synthetic, comprehensive pictures of the
Bay, rather than representing the Bay as a collection of separate, independent facts.

In just the past few years, information on hydrology, water quality, and biology has been collected
in common essays about the Bay. These often include information on the Bay's prehistory and
history, recreational uses, or future security. The best examples of such syntheses may be foundin
the" Strategic Plan for Southwest Florida' by the Southwest Florida Regional Planning Council; the
"Lee County Comprehensive Plan" and its exhibits and appendices; the " State of the Bay Report”
in production by a committee of the Estero Bay Agency on Bay Management, and the annual
"Research Studiesin Estero Bay Aquatic Preserve," by the Estero Bay Marine Laboratory. A report
by W. Dexter Bender and Associates entitled, "Managing the Quality, Quantity, and Timing of
Surface Water Discharge into the Estero Bay State Aquatic Preserve” isasuccinct synthesis of Bay
ecology derived from principles of estuarine science. The "Estero Bay Aquatic Preserve
Management Plan" also deserves notice as a 1980s era effort in the same vein.
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Thepresent effort, design of an Estero Bay Research Plan, will in subsequent project phasesexamine
what is known of the Bay is considerable detail. 1n addition to the reports cited above, reports by
state and county agencies, unpublished raw data, and other sources of information will be
assimilated. A preliminary review of this information has been made for the purposes of A)
characterizing dominant features of the Bay, and B) assessing the types and amounts of data
generally available to the undertaking. Results are summarized below, for major study subjects.

1.2.1 Geography

Watershed boundaries are better defined than in the past (but see below). The bathymetry of the Bay
itself may be out of date, especially near inlets and river mouths. A shoreline survey of the Bay is
needed to characterizetypesand conditions of shorelines, changesthrough time, and potential future
conflicts.

1.2.2 Geology

The geology of Estero Bay has never been studied, except for very recent work by the Estero Bay
MarineLaboratory (1996) on sediment and coreanalyses. PossiblereasonsincludetheBay'srelative
isolationfrom CharlotteHarbor, comparatively shallow nature, or absence of thefederally authorized
Intra-Coastal Waterway. In any event, information is lacking on structural geology, sediment
dynamics, and other basic aspects. Beach and inlet dynamics have been studied more than Bay
geology. The Bay isexceptionally shallow, raising anumber of interesting questions. How the bay
maintains such shalow depth during the past few centuries of [relatively slow] sea level rise
exemplifies such questions. The role of mollusks (oysters and clams) in supplying sediment to the
Bay also deserves investigation.

1.2.3 Hydrology

Compared to other Florida estuaries, the watershed is considerably larger than Estero Bay. The Bay
may be expected, therefore, to be affected significantly by hydrological changesin the watershed.
Subbasin boundaries are better known than previously, but in many places the boundaries are
ambiguous, and vary according to water levels. Either because of its natural topography, or because
of human-caused changes to drainage, the watershed is susceptible to flooding. Flood studies are
numerous, and represent the single most-studied aspect of the Bay and its environs. Oddly,
therefore, discharge measurements are uneven and records are incomplete. Historic emphasis was
placed on stage rather than flow, serioudly affecting estimations of nutrient or contaminant loadsto
the Bay in past years. Flooding in 1995 has kindled new interest in providing flood relief. The
District and County areevaluating thefeasibility of increasing Estero River discharges, inthe context
of flow restoration. Several studies are underway as a result.

1.2.4 Hydrography
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As mentioned, the Bay is exceptionally shallow. Average tide range exceeds mean bay depth,
meaning there is a large potential for tidal action to affect Bay circulation and flushing. Natural
tributariesto Estero Bay are short, and small. Their historic flowsarelargely unknown, but probably
were low, and changed gradually in al but the largest storm events, meaning that the eastern side of
the Bay was most affected by river discharges. The Rivers have no outlet channels-- the channels
end abruptly upon entering Estero Bay, further signifying relatively low discharges. Inletsfromthe
Gulf of Mexico also aresmall, and dynamic. Inletshave minor channel systems penetrating into the
Bay. These circumstances suggest that circulation is different during high tides than low.
Circulation characteristics are largely unknown, but under study. The Bay's zones of minimal tidal
exchange, or "null zones" areknown. Their location, size, and chemistry will beimportant variables
to consider in bay science and management. Finaly, given the Bay's shallow nature, wind is
probably a dominant controlling factor over circulation.

1.2.5 Sediments

Bay sediments have been studied, and are being studied, but there is no map of bay sediments as of
yet. Most sediment studies have been made in the central and northern reaches of the Bay.
Granulometry isknown for many stations, although data.on the mineral ogy of sedimentsare needed.
As mentioned previously, mollusks may play asignificant role in the Bay's sediment budget. But
we also need to know the extent to which land-based sediments are involved in the bay bottom.
Thereisastrong possibility that Gulf sedimentsare also amajor factor in the Bay's sediment budget.
Thethickness of sediments must also belearned. Metals have been studied morethan once. Metals
originatefrom uplandsand tend to associate with fine parti culate matter inthe Bay. M etalssometime
exceed concentrations normalized to Aluminum, signifying enrichment. Metal "hot-spots’ are
known in the Bay, and aso are thought to disappear after floods.

1.2.6 Fresh Water and Salinity

The Bay is tidally dominated in dry seasons, and salinity is highest. Historic salinity data are
available to compare with modern salinity data, at least for central and northern Estero Bay.
Salinitiestend to be uniform and high throughout the long axis of the Bay. Riversand major creeks
are outlets of fresh water, but their beds are below sealevel to US 41 and, in some cases, almost to
Interstate 75. Thisimpliesthat streams are filled with tide water during dry seasons and droughts.
Low salinity reaches are compressed into streams. Strong salinity gradients occur along the eastern
side of the bay during times of non-zero river flow, but attenuate rapidly. Floods like that of 1995
completely freshen the bay, but not inlets. Hell Peckish Bay is thought to be fresher than expected
givenitspositioninthe Bay. Thebay may be receiving asignificant amount of groundwater. Rates
of groundwater efflux and its effect on bay salinity are unknown but deserve study.

1.2.7 Water Quality
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Estero Bay isdesignated an Outstanding FloridaWater, and classified asClass || and Class|11 waters
of the state. Studies have been spotty but are improving, especialy in streams. Water quality
baselines exist for Ten Mile Canal, Six Mile Cypress, and the Estero and Imperial Rivers. Some
modeling is available to forecast future water quality. Loads of nutrients and contaminants are
expected to increase most in the basins yet to be developed fully. Historical bay water quality data
aremore limited. The middle Bay has been studied the most and the southern Bay, the least. Lee
County dataindicate that overall water quality in the Bay, since 1991, has been exceptionally high.
Thebay isclosed to shell fishing, by default for being unclassified. Water quality indicesrangefrom
fair to good. Hypoxic and anoxic conditions are being reported in shallow water. If supported by
additional monitoring, processesresponsiblefor thisunusual finding deserve detailed study because
low oxygen is unexpected in such a shallow Bay, especially one lacking extensive submerged
vegetation.

1.2.8 Ecology

There is considerable disagreement over historic versus modern area of the Bay supporting
submerged aquatic vegetation. An early map and the reports of a developer's consultant indicate
more SAT than presently occurs. A similar trend is suggested from 2 eras of state SAT mappingin
the Bay, and recent work by Lee County, and the Estero Bay Marine Laboratory. On balance,
hi storic agency maps were based on photo-interpretation without ground-truthing, and examination
of historic aerial photographs suggests that seagrasses per se may not have been extensive. Thisis
an unsettled issue with significant implicationsfor Bay science and management. Drift macroalgae
has recently been cited as aproblem. Most non-SAT habitat loss has been via shoreline alteration.
On balance, large expanses of native wetlands still fringe the Bay and grow asislands. Bivalvesare
abundant, but under-studied. Historic dataon specific oyster reefsareavailable. Bivalvesmay play
an important rolein regulating water quality and biological processesin so shallow aBay. The bay
harbors manatees and crocodiles (endangered species). Avifaunadiversity isparticularly high, and
CREW (Corkscrew Regiona Ecosystem Watershed) contains a number of listed species exceeded
by only afew sitesin Florida.

1.2.9 Management

Management programs have intimate links to research, for research describes the status and trends
of valued resources. Research also givesinsight to basic processes affecting resources, and explains
how specific stressors exert their [usually undesirable] effects. Actual resource problems facing
Estero Bay are poorly documented. Closure of shellfish bedsisadefiniteindicator, asare areasand
times when water quality indices are less than good. As documented in the next section, calls for
preservation, non-degradation, and restoration arenumerous. Lawsand policy documentsrecognize
freshwater inflow as a priority item. The bay and tributaries are Outstanding Florida Waters,
signifying an intent that no degradation of water quality shall occur. Given that flood control isthe
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biggest land-side issue facing the bay, followed by eutrophication as the biggest water-side issue,
maintaining a no-degradation standard will require much new, targeted research. Navigational
channels are another emerging water-side issue.

1.2.10 Inferences and Conclusions

Estero Bay is not a data-deficient system, but there exist a number of subjects for which data are
insufficient to support analytical assessments of cause and effect, or to support predictions of Bay
response to proposed changes, including restoration or mitigation. Likewise, much less seems
known of the southern Bay than other reaches. Except for the SAT issue, most sourcesfeel the bay
isin good shape, or just beginning to manifest symptoms of decline. In other words, compared to
many other bayswith active management programs, there are few well-documented problemsto fix.
Science in Estero Bay will not be driven so much by problem resolution, as by the need to
understand basic processes affecting resources of value, which resources are meant to be preserved
or enhanced. Research plansrecommended for the Bay must therefore seek to meet three objectives-
- discover as much as possible of basic processes,; be applicable to the management of valued
resources, and advance social expectations for the Bay. The following section reviews laws,
policies, and programs to identify valued resources and goals for Bay management.

1.3 Research Goals

1.3.1 On the Nature of Goalsin Research

The Research Plan for Estero Bay seeks to be goal-driven, which is to say that recommended
research will bereferableto explicit end-points. Such goalsor end-points could be purely scientific,
usually meaning that the absence of particular kinds of knowledge is sufficient to justify
recommended research. A research plan developed against such standards risks being so broad in
scope that it could never be conducted except as a philanthropic or volunteer effort.

The Estero Bay plan intends that recommended research be basic in nature, i.e., result in new
discoveries about the structure and function of the Bay, but that such discoveries also be applicable
to contemporary issues of Bay management. Properly crafted, the research plan will identify those
particul ar investigations having, asawhole, ahigh probability of being useful to resource managers.
In order to recommend investigationsit istherefore useful to @) understand existing expectations of
society relative to Estero Bay, b) identify valued ecosystem components recognized by laws and
policies, and c) define research goals that track such resources and expectations as closely as
possible, while recognizing the underlying need for basic research.

Good goal statements have three qualities-- they are meaningful, verifiable, and practical. Asused
here, "meaningful" means that a material improvement to the estuary would follow if the goal was
accomplished. "Verifiable" meansthat anindependent observer can determinewhether thegoal has
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been met through the use of accepted methods. "Practical” means that the goal does not depend on
technology that does not yet exist. A goal does not necessarily have to be legal or affordable to be
practical, because legality and economy are changeable social values.

Management goals for estuaries are usually not specific enough to be useful in the design of
scientific studies (Estevez, 1991), although this problem has been recognized and efforts have been
made to generate better goal statements in other estuaries (Agency on Bay Management, 1990;
Kenworthy and Haunert, 1991).

In south Florida, Estevez and Hayward (1992) identified methods by which management goals may
be crafted, beginning with areview of:

% Genera federal and state laws and water quality programs such as the national
Clean Water Act and the Florida Water Resources Act;

%  Specific management programs at the federal level, such as estuarine and marine
sanctuaries, research reserves, wild and scenic river plans, national park
management plans, national estuary program plans, et cetera;

%  Specific management programs at the state level, such as aquatic preserve plans,
outstanding Floridawater designations, state park and recreation area management
plans, state wild and scenic river plans, et cetera;

% Specific management programs at the regional and local (and private, if
appropriate) levels, such as SWIM plans, District surface water programs, local
government comprehensive plans, and single mission plans for flood control,
mosquito control, soil conservation, et cetera.

Collectively, these "authorities' establish a legal and policy landscape within which existing or
prospective information about Estero Bay can be evaluated, for the purpose of establishing research
goals. This process anchors the recommended research in the most favorable context for resource
management.

1.3.2 Existing Authorities

The following section provides brief descriptions, and assessments for Estero Bay research, of
numerousauthorities(Tablel). Partsof federal/state summarieswere adapted from Estevez (1992).
A few authorities involve committees comprised of

federal, state, and local governments, plus other interested parties or stakeholders. These are listed
at the government level of the lead agency, or reporting agency.
|. Federal Guidance
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A number of federal lawsdirectly or indirectly affect science and management of Estero Bay. Some,
such as the Endangered Species Act and Marine Mammal Protection Act, protect species of special
concern by conserving the ecosystems upon which endangered species and seeking an optimum
sustainabl e population keeping in mind the carrying capacity of the habitat.

Such actscall for the devel opment of recovery or management plans, for which noneexist for Estero
Bay. Thelaws do reserve rights for the federal government to intervene as needed.

Other federal laws have amoredirect bearing on science and management of Estero Bay. The Clean
Water Act providesfor research and training; grantsfor construction of treatment works; standards
and enforcement; water quality inventories; permitsand licenses; and a state water pollution control
revolving fund. In addition, Section 320 establishes the National Estuary Program, of which more
information is given below.

The objective of the Act isto restore and maintain the chemical, physical, and biological integrity
of the Nation'swaters. Goals of the Act include:

1. Todiminate the discharge of pollutantsinto navigable waters,

2. Until discharges are eliminated, to achieve an interim goal of water quality which
provides for the protection and propagation of fish, shellfish and wildlife;

3. To prohibit the discharge of toxic pollutants in toxic amounts;

4. Toprovidefederal financial assistanceto construct publicly owned waste treatment
works;

5. To develop and implement area-wide waste treatment management plans and
technology;

6. Todevelop and implement controls of nonpoint sources of pollution.

Themain aim of the Clean Water Act isto curtail the discharge from point and nonpoint sources of
pollutants such as domestic waste waters, sewage sludge, thermal pollution, oil at sea, and similar
constituents. The Act intends that discharges of pollutantsinto Estero Bay be eliminated. As part
of U.S. Environmental Protection Agency (EPA) requirements of states, Florida makes biennial
reports on the water quality status of state waters, including Estero Bay.

Another important federal program bearing on Estero Bay isthe Central and Southern FloridaProject
for Flood Control, prepared by the U.S. Army Corps of Engineers. This program, precursor to the
establishment of the South Florida Water Management District, provided for studies and capital
investments intended to protect human life and property from floods; manage water for agriculture
and public supply, and provide water needed for the maintenance of natural systems. Changesto the
Project affecting flood control and freshwater supplied south Florida, including Estero Bay, arebeing
studied, and an environmental impact assessment must be developed. Terms and conditions of the
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environmental impact statement presently are being negotiated with stateand local governments, and
it is too early to foresee implications for Estero Bay research or management. However, some
objectives of the C& SF Restudy are pertinent to Estero Bay:

Increase the total spatial extent of natural areas.

Improve habitat and functional quality.

Improve native plant and animal species abundance and diversity.
Improve availability of fresh water (for human uses).

Reduce flood damages in agricultural and urban aress.

agprwWDdDE

As part of work by the South Florida Ecosystem Restoration Working Group's Science Subgroup,
aBig Cypress Basin I ssues Characterization Workshop Report wasissued in 1997. Asused by this
group, the Big Cypress Basin was meant to include Estero Bay. The workshop compiled concerns
regarding hydrology, water quality, and biota, and also information needed to address the concerns.
Estero Bay wasmentioned infrequently although many general statementswere madewith theintent
that Estero Bay be included. Issues most supported by the group were lack of data on hydrologic
budgets, and long-term vs. short-term hydrol ogic variation; impactsof |land use onwater quality; and
the need for biological indicators of environmental quality, especialy at regional scales. Numerous
other issues were identified.

In terms of needed information, first level priority was given to hydrologic regimes and patterns,
water budgets, and ecological inventories. Second level priority was given to new information on
habitat conversion, impacts from built structures, restoration of natural cycles, and regional biotic
linkages. Third to fifth level information priorities also were listed.

No issues specific to Estero Bay were listed for hydrology, water quality, or biology. On balance,
Estero Bay was named when the workshop was asked what must be learned in order to improve the
Bay's management, to wit, the effect of canals, septic tanks, commercial and industrial polluterson
water quality. Thereport is auseful summary of issues and data needs for the entire Big Cypress
area, but isto general to guide prioritiesfor aresearch plan specific to Estero Bay. Atthesametime,
itisunlikely that alist of issuesand dataneedsfor Estero Bay would turn up items not already found
on the Big Cypresslist. Therefore, thiswork should be kept at hand as Estero Bay plans devel op.

Il. Federal - State Guidance

The State of Florida and EPA have entered a Charlotte Harbor National Estuary Program
M anagement Conference Agreement, to begin amanagement conference asprovided by Section 320
of the Clean Water Act. The Agreement provides for an assessment of trends in water quality,
natural resources, and uses; determination of the causes of changes through data collection,
characterization and analysis, evauation of point and non-point loadings, a comprehensive
conservation and management plan that indicates priority actions; implementation of the plan;
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monitoring to assess the effectiveness of implementation; and review of federal programs for
consistency. The Agreement laysforth aplantoidentify and rank priority problems; develop adata
and information management system; inventory relevant agency programs;, produce a
characterization report for the study area; prepare a financing plan for the final recommendations;
and adopt acomprehensive conservation and management plan. Thegeneral thrust of the conference
agreement is one of preservation of existing resource values and benefits, and restoration of these
gualities where they have declined. Goals developed by the management conference are:

1. Improve the environmental integrity of the Charlotte Harbor study area.

2. Preserve, restore and enhance seagrass beds, coastal wetlands, barrier beaches, and
functionally related wetlands.

3. Reduce point and non-point sources of pollution to attain desired uses of the
estuary.

4. Provide the proper freshwater inflow to the estuary to ensure a balanced and

productive ecosystem.

Develop and implement a strategy for public participation and education.

Develop and implement a formal Charlotte Harbor management plan with a

specified structure and process for achieving goals for the estuary.

7. Develop an accessible information system that integrates data on the Charlotte
Harbor study area pertinent to Harbor and watershed management.

S

[1l. State Guidance

In responseto concernsover siting of Florida Gulf Coast University, including direct and secondary
impactson-site and of f-site natural resources, the Arnold Committee Report and Recommendations
set into motion acoordinated program of sustained resource management for southeast L ee County
and Estero Bay. Thereport considered anumber of land use issues (agriculture, natural preserves,
mining, water supply, andinstitutional/urban uses). Regional transportation and flood control efforts
also werereviewed. A high level of natural resource values were recognized. Threats to wildlife
were identified and concern was stated for exotic species, ranching and farming, mining, and
imperfect habitat mitigation. Considerable attention wasgiven to surface water resources, flooding,
and water supply.

The Arnold Report, on page 26, states that an Agency on Bay Management (ABM) will be created
for Estero Bay, within the Southwest Florida Regional Planning Council. The ABM "will support
theDistrictinfour areas; policy, technical advice, citizen support, and ...implementation” of EBMIP,
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the Estero Bay Management and | mplementation Plan of which thisresearch planisan element. The
EBMIP isto be developed over athree-year period. The report notes,

" An Estero Bay Assessment will generate aresearch plan. Theresearch plan
will establish goalswhich, when met, will improve and maintain the health of
the bay's ecosystem. Because the ecology of the bay is only partially
under stood, much of this phase of the project will involve literature review,
identifying data needs, selecting analytical methods, and prioritizing
research.”

The report also notes that water quality in the bay is now considered fair-to-good but that some
degradation issuspected to have occurred in recent years. Thereport states, "urban devel opment has
altered stormwater runoff and perhaps salinity patter ns (emphasis added).

The FloridaWater Resources Act (Ch. 373 FS) was based to alarge extent on A Model Water Code
developed by the University of FloridaCollegeof Law. The Act givesgeneral supervisory authority
over water management districtsto the FloridaDepartment of Environmental Regulation, whichwas
directed to produce an "integrated, coordinated plan for the use and devel opment of the waters of the
state." The plan isto be part of the state comprehensive plan which, together with water quality
standards and classifications, represent the Florida Water Plan.

The Act directs water management districts to set minimum flows and levels for surface waters,
among other actions, using the criteria of reasonable and beneficial uses. The Act defines minimum
flow as"thelimit at which further withdrawal swould be significantly harmful to thewater resources
or ecology of thearea." A policy of the Actis"to preserve natural resources, fishandwildlife." The
Act directs the Florida Department of Environmental Protection (DEP) to consider "existing and
contemplated needs and uses of water for protection and procreation of fish and wildlife" in
preparing the state water use plan. In the administrative rule accompanying the Act* ageneral state
water policy is to establish "minimum flows and levels to protect water resources and the
environmental values associated with marine, estuarine, freshwater, and wetlands ecology.”
Minimum flows are to provide for recreation, fish and wildlife habitats and the passage of fish,
estuarine resources, transfer of detrital material, and water quality, as well as other
reasonable/beneficial uses.

The Act authorizes DEP and water management districts to reserve from permitted uses "water in
such locations and quantities, and for such seasons of the year, asin its judgement may be required
for the protection of fish and wildlife or the public health and safety." The Act addresses the
problem of water use, consumption, or diversion. It focuses on management of the impacts of water
extraction and does not explicitly refer to the impacts of excess water. However, recognition of

! Florida Administrative Code Rule 17-40.310 (11) (1990).
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timing, amount and location as critical flow parameters clearly leaves open such considerations
where Estero Bay is concerned.

Chapter 17-40 Florida Administrative Code -- Water Policy implements provision of the state water
policy. It statesthat waters of the State should be managed to conserve and protect natural resources
and scenic beauty and to realize full beneficia use of the resource. The rule provides that water
management programs, rules, and plans shall seek to:

1. Reserve from use that water necessary to support essential non-withdrawal demands,
including navigation, recreation, and the protection of fish and wildlife.

2. Utilize, preserve, restore and enhance natural water management systemsand discourage
the channelization or other alteration of natural rivers, streams, and lakes;

3. Mitigate adverse impacts resulting from prior alteration of natural hydrologic
patterns and fluctuations in surface and ground water levels,

4. Establish minimum flows and levels to protect water resources and the
environmental values associated with marine, estuarine, freshwater and wetlands
ecology.

The rule specifies conditions to be considered in the establishment of minimum flows and levels.
Therule states that a primary goal of the State's stormwater management programis”...to maintain
the appropriate salinity regimes in estuaries needed to support the natural flora and fauna...”
"Stormwater” is defined by the rule as the water which results from arainfall event. Therule sets
forth a number of policies and criteria pertinent to Estero Bay.

Chapter 17-43 FloridaAdministrative Code enactsthe Surface Water |mprovement and M anagement
Act (Chapter 373.451 Florida Statutes). General goals of the Act are to manage waters so as to
provide aesthetic and recreationa pleasure; provide habitat for native plants, fish and wildlife,
including endangered and threatened species; providing safe drinking water; and attracting visitors
and accruing other economic benefits. The rule authorizes water management districtsto prioritize
waters in each district with respect to preservation and restoration. Districts are to prepare and
triennially revise surface water plansfor priority water bodies. Criteriafor ranking and elements of
the surface water plans are given. Arrangements for funding and DEP review are provided. It
impliesthat some priority waters are to be preserved and othersrestored, "to meet Class|11 standards
or better." Therul€sintent statesthat it isthe duty of the State...to enhance the environmental and
scenic value of surface waters, but no other goals or policies are given other than administrative
ones.

Chapter 403 Florida Statutes -- Environmental Control addresses pollution control, €l ectrical power
plant siting, resource recovery and management, drinking water, and other environmental issues.
The Legislature declared as public policy to conserve the waters of the state and to protect, maintain,
and improve the quality thereof for public water supplies, the propagation of wildlife and fish and
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other aguaticlife, and for domestic, agricultural, industrial recreational and other beneficial usesand
to provide that no wastes be discharged into any waters of the state without being given the degree
of treatment necessary to protect beneficial uses.

The Act defines contaminant as any substance which is harmful to plant, animal, or human life.
Wasteisdefined as sewage, industrial waste, and al other liquid, gaseous, solid, radioactive or other
substances which may pollute waters of the State. Pollution is defined as the presence of any
substances, contaminants, noise, or man-made or man-induced impairment of air or waters or
alteration of the chemical, physical, biological or radiological integrity of air or watersin quantities
or levels which are or may be potentially harmful or injurious to human health or welfare, animal
or plant life, or property.

TheAct prohibitsmixing zonesfor point source dischargesin Outstanding FloridaWaters, but states
"Discharges of water necessary for water management purposes which have been approved by the
governing board of awater management district and, if required by law, by the [DEP] secretary” are
exempt from OFW standards. Definitionsin the Act make it possible to interpret fresh water asa
contaminant or waste subject to the Act. The Act exemptsboard-approved discharges of fresh water
from OFW standards. Thisexemptionimpliesarecognition that non-degradation standards of OFW
are or may be violated by fresh water discharges. Because Estero Bay and its tributaries have been
designated Outstanding FloridaWaters, thisAct's provisions have direct bearing on Bay scienceand
management.

Chapter 17-302 Florida Administrative Code -- Surface Water Quality provides anti-degradation
standardsfor surfacewater quality; aclassification system for surface waters; minimum and general
criteria; specificcriteria; and protectionfor special areas. Definitionsof interest include™exceptional
ecological significance,” meaning that a water body is part of an ecosystem of unusual value;
"natural background" means the condition of watersin the absence of man-induced alterations; and
"nursery areaof indigenousaquatic life" meansbeds of submerged aquatic vegetation or other areas
used in early development or growth.

A chloride concentration in surface waters of 1,500 milligrams per liter is used to distinguish
"predominantly fresh water” from " predominantly marinewater." Therule categorizesall waters of
the State into one of 5 classes. Class || isfor shellfish propagation and harvesting. Class|lI isfor
propagation and maintenance of awell-balanced population of fish and wildlife.

The rule provides general criteria which apply to all surface waters except in mixing zones. For
Classes|, 11 and I11 waters, biological integrity cannot be reduced to less than 75% of background.
(Biological integrity is defined in the rule as the Shannon-Weaver diversity index and Background
is defined as condition of a water body in the absence of an activity or pollutant.) The rule
designates all waters of the State as Class 111 except as specified. The Estero Bay Aquatic Preserve
isdesignated asClass| |1 waters, with Hurricane and Hell Peckish Baysdesignated asClass|| waters.
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Theruleal so designates aquatic preserves as Outstanding FloridaWaters, for whichit isDepartment
policy to afford the highest protection. The Bay and its tributaries are OFW, as previously noted.
State water quality standardsfor each class of waterstherefore have considerabl e bearing on science
and management of Estero Bay.

Chapter 16-20 Florida Administrative Code -- Aquatic Preserves. Florida law (73-534, Sections
258.39 -258.393) creates a system of aguatic preservesimplemented and administered by thisrule.
Goadls of therule are to:

1. Maintain essentialy natural conditions, propagation of fish and wildlife, and public
recreation including hunting and fishing;

2. Continue the preserves essentially natural or existing condition so that their aesthetic,
biological, and scientific values may endure for the enjoyment of future generations,

3. Preserve, protect, and enhance these exceptional areas of sovereignty submerged lands
by reasonable regulation and a comprehensive management program;

4. Protect and enhance the waters of preserves so that the public may continue to enjoy
traditional recreational uses;

5. To coordinate with other agencies of government and to use their programs to assist in
managing preserves,

6. To encourage the protection, enhancement or restoration of [preserve values| when
reviewing applications and implementing management plans;

7. Topreserve, promote, and utilize indigenous life forms and habitats, including but not limited

to sponges, soft coral, hard coral, submerged grasses, mangroves, salt water marshes, fresh water

marshes, mudflats, estuarine, aquatic and marine reptiles, game and non-game fish species,

estuarine, aguatic and marine invertebrates, estuarine, aquatic and marine mammals, birds,

shellfish, and mollusks;

To acquire additional title interestsin lands to promote preserve values;

To maintain those beneficial hydrologic and biologic functions, the benefits of which accrueto

the public at large.

©

Theruleappliesto all preserves except Boca CiegaBay, Pinellas County and Biscayne Bay Aquatic
Preserves. The rule includes the Estero Bay preserve. The rule establishes a zoning system for
preserve management in the form of three Resource Protection Areas. The protection areas are to
be used in decisions affecting docking facilities in aquatic preserves.

The rule defines "essentially natural condition” as "those functions which support the continued
existence or encouragetherestoration of the diverse popul ation of indigenouslifeformsand habitats
to the extent they existed prior to the significant development adjacent to and within the preserve.”

The rule defines "beneficia hydrological functions' as "interactions between flora, fauna, and
physical geological or geographical attributes of the environment, which provides benefits that
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accrueto the public at large, including retardation of storm water flow, storm water retention, water
storage, and periodical release.” In defining essentially natural conditionstherule statesthat natural
means pre-development, but one goal allows for existing conditions as an alternative to natural
conditions. The rule makes explicit reference to beneficial hydrological functions, and the
definitions refer directly to retardation of storm water flow, water storage, and periodic releases.
These actions may become critical elements for the Estero Bay project.

The Estero Bay Aquatic Preserve Management Plan. Estero Bay wasFloridasfirst aguatic preserve.
In 1983, the Board of Trustees of the Internal Improvement Trust Fund adopted a management plan
for the Estero Bay Aquatic Preserve, in aresolution designating the Bay as a "wilderness preserve’
and stating that the primary management objective will be the maintenance of this ecosystem in an
essentialy natural state. The management plan identifies the preserve and lands seaward of mean
high water. It also summarizes state law affecting preserves and preserve management, consi stent
with other sections of thisreport. The Plan adds 22 policy directivesthat provide staff direction for
implementing the program. Directives pertinent to the development of research goalsinclude:

1. Ensurethe maintenance of essentially natural conditionsto ensure the propagation
of fish and wildlife, and public recreationa opportunities;

2. Protect and, where possible, enhance threatened and endangered species habitat
within the aquatic preserve,

3. Prohibit development activities within the preserve that adversely impact upon
grassbeds and other valuable submerged habitat [within limits of a public interest
test];

4. Require, throughthe efforts of DER and the water management districtsthe maintenance
of the naturally high water quality of the estuary, and ensure the natural seasonal flow
fluctuations of freshwater into the estuary.

The plan describes the resources of the preserve, stating that "the general conclusion...isthat there
is not now available sufficient water resource data to understand how the system operates or to
identify the water quality problems existing now and for the future." The Plan pointsto a need for
basic hydrological, chemical, and biological data on Estero Bay.

Chapter 17-4 Florida Administrative Code -- Permits creates a permitting system for construction
and operation of air and water pollution sources and dredging and filling. It provides anti-
degradation requirements for Outstanding Florida Waters and Outstanding National Resource
Waters. It provides for temporary permits and mixing zones. This rule establishes the procedures
and fees for permit application. Anti-degradation criteriain the rule include whether a proposed
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discharge will adversely affect (a) conservation of fish and wildlife, including threatened or
endangered species or their habitats, and (b) fishing or water based recreational values or marine
productivity.

In OFW, the discharge must have amixing zone as prescribed by 17-3.050 (1) (f) ii and by thisrule
(see below) and must singly or in combination with other discharges cause significant degradation
of existing ambient water quality. Existingambient water quality isdefined asthe best case between
(a) that which, based on the best scientific information available, could be reasonably expected to
have existed in the year of the OFW designation, or (b) that which existed in the year prior to the
permit application. Either source shall include "daily, seasonal, and other cyclic fluctuations.”

Therule allows for mixing zones but states that “no mixing zone...shall be allowed to significantly
impair any of the designated uses of the receiving body of water." Some of the considerations for
mixing zones include:

1. Condition of the receiving body of water including present and future flow
conditions and present and future sources of pollutants;

2. Thenature, volume, and frequency of the proposed dischargeincluding any possible
synergistic effects with other pollutants or substances which may be present in the
receiving body of water;

3. A mixing zone shall not include a nursery area of indigenous aguatic life or any area
approved by the Department of Natural Resources for shellfish harvesting;

4. Inlakes, estuaries, bays, lagoons, bayous, sounds and coastal waters, the areaof amixing
zone shall not exceed 125,600 square meters, and all mixing zones together shall not
exceed 10 percent of an estuary's areg;

5. The maximum concentration of wastes in the mixing zone shall not exceed the amount
lethal to 50 percent of thetest organismsin 96 hours (96 hr LCy,) for aspeciessignificant
to the indigenous aquatic community.

6. Although largely a procedural rule it does provide some guidance useful to the present
Estero Bay case, athough it should be noted that board-approved works of a water
management district are probably exempted from the permit requirements of this rule.
Furthermore, the rule does not appear to speak to the discharge of fresh water per se.

Nevertheless, the rule provides insight to limits the state seeks in permitting new sources of
pollutantsto surface waters and these features may beinstructivefor Estero Bay. Considering fresh
water as a pollutant, for example, the rule requires that the nature, volume and frequency of the
proposed [fresh water] dischargeincluding any possible synergistic effectswith [freshwater already]
present in the receiving body of water be considered. Likewise, amixing zone[of fresh water] shall
not include a nursery area of indigenous aquatic life or any area approved by the Department of
Natural Resources for shellfish harvesting.
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The rule states that in estuaries [and] lagoons the area of a mixing zone shall not exceed 125,600
sguare meters, and all mixing zones shall not exceed 10 percent of an estuary'sarea. It is presently
not known whether 10 percent of Estero Bay's total surface areais affected by the "mixing zones"
of canals. On the other hand, 125,600 square meters as a maximum mixing zone is equal to about
31 acres, or an area of the Bay enclosed by a radius of 935 feet from the mouth of the Estero or
Imperia Rivers.

V. Water Management District Guidance

Rules of the South FloridaWater Management District. Highlightsof selected rulesare noted bel ow
for their applicability to the present project. Part B, Basisof Review for Surface Water Management
Permit Applications, of Chapter 40E-1, General and Procedural, notes, "there are areas within the
District where water considerations are extremely important, because of the sensitivity of the area.
These areas include...Six Mile Cypress Strand and Estero Bay Aquatic Preservein Lee County."

Chapter 40E-2, Consumptive Use, states that proposed uses will not cause significant saline water
intrusion, adversely affect offsite land uses, will not cause adverse environmental impacts, or
pollution of the water resource. Chapter 40E-23 designatesall of the Estero Bay and watershed area
as critical water supply problem areas, meaning that the areas have experienced or are anticipated
to have water supply problemsin the next 20 years.

District-hosted Estero Bay and Watershed Management and Improvement Plan Workshop resulted
inareport by the Florida Growth M anagement Conflict Resolution Consortium. Theworkshop was
attended by 25 environmental and civic organizationsaswell asagencies. Theworkshop identified
opportunities and threats facing the bay, avision for the bay, and strategiesfor achieving thevision.
Action plans were developed for the most important strategies.

This is an interesting document insofar as the development of a research plan goes, for it
demonstrates either ahigh level of knowledge about the bay, or the situation that perceptions about
the bay are widely and strongly held. Highlightsfor the research plan include the view that regular
water testing is underway by many groups, but must be coordinated better; that thereis a pervasive
disinterest and funding to collect data needed for proper scientific assessment, and that runoff and
septic tanks are major threats to the Bay.

A visionfor the Bay had these features-- that decision makers understand and support the economic
and functional importance of Estero Bay and its watershed; that government buy more land and
improve land use controls; that a comprehensive stormwater management program be funded, and
that biological criteria for the health of the Bay be established. High priority strategies include
exchange of monitoring data, mapping historic seagrass beds, implementing natural hydroperiods
rather than "quick flushes." An action plan for the last strategy would determine historic
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hydroperiods and establish and maintain anew hydroperiod realistic for today -driven by biological
criteria established for the bay.

A survey of participantsindicated that "fish" and boating were the bay's most valued assets. Habitat
loss was agreater concern than water quality. The same survey found that polluted runoff was felt
to cause more bay problems than habitat destruction, contrathe previous statement. Ten mile canal
and the two rivers were most often cited as problem areas, and the main cause cited for tributary

degradation was physical change (as opposed to stormwater). Regulation and treatment were cited
as the most needed actions. Research was deemed the least needed.

Despite mixed messages contained in the report, its content is valuable for insight to issues and
expectations that a research plan should address. The report also signifies a high level of
commitment to action, rather than additional study, which may work against effortsby the ABM and
District to implement recommended research.

The Corkscrew Regional Ecosystem Watershed Conceptual Management Plan describes existing
lands and resources under active management, as well as prospective additions. A separate fire
management planisappended. The CREW Plan citesasitsprimary goal, "To protect the hydrologic
and biotic resources of CREW, while allowing public use to the extent compatible with resource
protection.” Three hydrologic management goals are given, 1) maintain existing sheet flow and
water quality conditions, 2) maintain existing wetland hydroperiods, and 3) maximize benefitstothe
downstream hydrologic system. These goals assert the CREW Management Planning Team'sview
that the maintenance of existing hydrologic conditionsisfavorable. The Plan also givesawildlife
management goal, "to ensure the perpetuation of viable populations of indigenous wildlife species
through the implementation of sound management practices, giving specia consideration to the
needs of listed species.” Listed species mean those plantsand animalson federal or statelistswhose
populations are endangered, threatened, or otherwise at risk. The Plan names 104 listed species, a
very high number compared to other sites of comparable size. The Plan makes an important link
between Estero Bay and the large area of inland wetlands within the Bay's watershed, and calls
attention to the importance of proper freshwater flows. On balance, the Plan is silent on matters of
water quality.

The Digtrict's Identification of Priority Water Bodies within the South Florida Water M anagement
District ranked all l1akes, wetlands, and estuaries of south Florida, for designation as priority water
bodies in the Surface Water Improvement and Management (SWIM) Program. Estuaries were
ranked separately. Estero Bay received the highest ranking of all estuariesin south Florida. Under
SWIM, two priority categoriesarerecognized, preservation, and restoration. The District found that
Estero Bay was the south Florida estuary most deserving of a preservation status. Goals for
preservation water bodies under SWIM include:
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1. Purchaseof affected lands, adjacent buffer areas, flowage or other protective easements;

2. Improved wildlife management practices;

3. Restrictions on public access, boat use, marina siting, dock construction, port
development, or navigational improvements, and (among others not quoted)

4. Construction of additional upland detention basins and flow management programs to
improve the quality and timing of discharges to receiving water bodies.

Somebay tributarieswereal so designated as preservation water bodies, while otherswere designated
asrestoration water bodies. Findingsare useful for Estero Bay science and management because of
the Bay's high score relative to other south Florida estuaries. Values of the Bay are clearly meant
to be preserved. The report also advances the District's continuing commitment to structural rather
than non-structural approach to surface water management.

A. Although laws and rules of the State, it is instructive to introduce plan language affecting
Estero Bay by noting these state acts authorizing regional and local government plans. Laws
(Section 163.317 F.S.) and rules (Chapter 9J-5.012 F.A.C.) of the State establish policiesand

B. objectives; require regional and local government plans addressing specified issues; require
vertical consistency of plans; and providefor administration, implementation, and amendments
to plans. Relevant State goals include:

1. Floridashall assuretheavailability of an adequate supply of water for all competing
uses deemed reasonable and beneficial and shall maintain the functions of natural
systems and the overall present levels of surface and ground water quality. Florida
shall improve and restore the quality of waters not presently meeting water quality
standards;

2. Horida shall protect and acquire unique natural habitats and ecological systems
such as wetlands...and restore degraded natural systemsto afunctional condition.
The Strategic Regional Policy Plan of the Southwest Florida Regional Planning
Council contains text for each plan element required by state law, including these
goals pertaining to science and management in Estero Bay:

IV-4. ...By the year 2005, each waterbody with a pollutant load
reduction goal will meet or exceed the goal established for it.

IV-6. All effluent will meet or be better than all pertinent state water
quality standards.

IV-8. Declining trends in quality or quantity of coastal resources will

reverse due to the success of pollution control measures and
restoration efforts.
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IV-12. Drainage systems will be managed to maintain or restore natural
timing pattern, and quality of freshwater flows of the watershed
basin.

The Plan states that indicators of success in meeting Goal V-8 are population levels of marine
species; changesin the number of catches of juvenile commercial and recreational fish species, and
change in the number of acres of seagrasses. The Plan states as one of the region's main concerns,
"Is our natural drainage system contributing to our marine ecology in a manner consistent with
historical direction, volume, timing, and quality?' Indicators for Goal 1V-12 are number of
tributaries with natural flow conditions. The Plan elsewhere states (page 1V-39) that "Estero
Bay...should be designated as a Priority "A" waterbody for the SWIM Program...". A number of
other goalsand policiesindirectly speak to Estero Bay and should be considered in planning science
or management programs. Taken asawhole, the Plan sets very high standards for Estero Bay.

The Estero Bay Agency on Bay Management is a non-regulatory body created to recommend
management improvementsin the Bay and itswatershed. Draft Principlesof the Estero Bay Agency
for Bay Management identifies guiding principles to be utilized wherever and whenever possible,
whilerealizing that some situations may not allow their strict adherence. A total of 83 principlesare
organized under categories of Water Courses, Uplands and Headwaters and Isolated Wetlands, and
Bay Waters, including these of special usefulness for research planning:

1.  No further channelization of remaining natural watercourses will occur.

2. A better balance of ecological needs versus water flow will be used for water
resource management decisions.

3. Ancient relief of upper tributary reaches will be maintained
by...preserving...characteristic riparian habitat and canopy...and tributary bank
contours.

4. Grants or incentives should be provided for retrofitting old surface water
management systems that are not effectively managing water volume of flow, or
removing nutrients and other pollutants.

5. All urbanization will be served by centralized sewer systems.

6. Retrofitting existing shorelines hardened with vertical seawallsto sloping limerock
revetments or native, salt tolerant vegetation, should be encouraged wherever
possible.

7. No further ateration of Estero Bay bottom shall occur, except for public interest
tests.

8. A manatee protection plan will be adopted.

9. Maintain and improve the overall ecology of the bay and its watershed.

10. Increase efforts to insure the sustained productivity of wildlife resources such as
rookeries, sea grass beds, and fisheries.
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The Lee County Comprehensive Plan addresses all mandatory elements. For the most current
language, goals and objectives are quoted from the Eval uation and A ppraisal Report of 1994. Goal's
and objectives are paraphrased to highlight their relevance to Estero Bay. Some plan elements and

numbers may have changed as a consequence of subsequent amendments approved by the Lee
County Commission.

Objective 16.1 statesthat no further functional degradation of estuarine and wetland resources
shall take place; an attempt will be madeto improvewater quality in Estero Bay to Class
Il standards by the year 2005.

Policy 16.11 requires that a Matanzas Harbor Management Plan be promulgated, for a
designated mooring area, trash and wastewater disposal, and a research and education
facility for local waters.

Goa 77. maintains and enhances native habitats, floral and faunal species diversity, water
quality, and natural surface water characteristics.

Policy 77.2.3 preventswater management and devel opment projectsfrom altering or disrupting
the natural functions of significant natural systems.

Objective 77.3 maintains and enhancesthefish and wildlife diversity and distribution with the
county for the benefit of a balanced ecological system.

Objective 77.7 et seg. encourages study and regulatory protection for west Indian manatees.

Objective 77.12 supports maintenance and improvement of marine fisheries productivity and
promotes conservation of fishery resources through habitat protection and restoration.

Policy 77.12.3 dlows for unmarked channels or passages to be marked to reduce injury to
marine seagrass beds.

Goal 78 maintainsor improves water quality and wildlife diversity in estuaries and reduces or
maintains current pollution and system imbalances in order to conserve estuarine
productivity.

Objective 78.1 continues to establish baseline conditionsin estuaries, including pollutant and
freshwater loadings, and maintains an ongoing water quality monitoring program.

Policy 78.1.1 emphasizes the need for monitoring in Estero Bay.

Policy 78.1.1.4 intends to maintain or improve water quality in estuaries to meet state water
body classifications; preserve waters approved for shellfish harvesting, and attempting
toreturnviable"closed” (dueto water quality) shellfishing areasto an "approved” status.

Policy 78.1.3 monitors and reviews freshwater discharges affecting estuarine areasin order to
maintain ...optimum productivity.

Goal 78.2 et seq. prepares management plans for estuarine watersheds, with priority to the
watershed of Estero Bay, "acritical estuary undergoing development impacts.”

Objective 85.1 maintains high water quality, meeting or exceeding state and federal water
quality standards. New development and additions shall not degrade surface and ground
water quality (Policy 85.1.2).
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V1. Other Local Government and Private Guidance

Lee County's Surface Water Management Plan investigated conditions in each of the county's
principal watersheds. Boundarieswere described and sensitivelandswereidentified. Analysesare
given for conveyance elements, hydrology, water quality, and water budgets. System capacity was
analyzed and improvements were proposed. The Plan does not state goals, policies, or objectives
per se, but does make recommendations under each watershed section and report element. Some
provide guidance for the present effort and are paraphrased below.

Inthe Ten Mile Canal, avegetated linear littoral system is proposed and a spreader system to divert
water more broadly into coastal wetlands is suggested. Weed control is recommended. Use of
excess water can reduced the volume of released water.

Inthe Estero River, Halfway Creek and Spring Creek watersheds, conservation easements along the
streams should be acquired. Halfway and Spring Creek loads are expected to increase with
devel opment.

In the Imperial River watershed, water control structures are suggested. All of the waterfront
development along the river and finger canals should be on central sewer (service). River
hydroperiod and water quality should use historic levels as targets.

For the watersheds adjoining Estero Bay in general, the Plan recommends increased or continued
monitoring, removal of shoreline vegetation, improved conveyances of flood watersto the Bay, and
case-by-case improvements for water quality. The general effect of the Plan will be to increase
freshwater flows to the Bay, especially during flood periods. Preliminary modeling indicates that
many forms of nutrients or contaminants will not increase as land development proceeds, which
results will require refinement through improved monitoring and modeling.

The South Lee County Watershed Plan resulted from catastrophic flooding in 1995. Four of its
eleven goals are relevant to Estero Bay:

C Restore historic surface water flow characteristics where practical, with special
emphasis on conservation and public lands.

C Reducetheimpact of excessivefreshwater discharges on downstream estuaries, and

C Coordinate with other regional studies (Estero Bay Project,

C Big Cypress Basin Watershed Plan).

ThePlan acknowledgesthe useful nessof using historicflow characteristicasamodel for restoration,
and is sengitive to the potential harm that can result in Estero Bay from excessive freshwater
discharges.
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A report, "Managing the Quality, Quantity, and Timing of Surface Water Dischargeinto the Estero
Bay State Aquatic Preserve" by W. Dexter Bender and Associates, reviews climatic factors,
governmental infrastructure, performance standards, Estero Bay issues, and strategies and
techniques. The private report states the primary goal for Estero bay should be to "preserve and

conserve the overall existing system with restoration in specific areas.” Recommended strategies,
paraphrased for brevity, include:

1. Freshwater discharge should mimic rainfall patterns.

2. Direct freshwater discharge should be diverted to near the head of natural tidal streams
where those basins receive less than historical amounts.

3. Direct freshwater discharge into the Bay should be diverted to spreader systems.

4. Fixed weir/drop structures may need variable elevation controls.

5. Interbasin transfers of freshwater out of the Estero bay system should be considered.

6. Nutrient additions should be considered relative to the Bay's capacity for assimilation.
6. Sediments should be prevented from reaching the Bay.

1.3.3 Assessment of Authorities

Valued ecosystem components of Estero Bay may beidentified from the authoritiesreviewed in the
previous section, as well as from general estuarine ecology and experiences of other Florida bay
management programs. Estero Bay authorities refer to numerous living resources and ecosystem
components, captured most thoroughly by the Aquatic Preserve Management Plan: sponges, soft
coral, hard coral, submerged grasses, mangroves, salt water marshes, fresh water marshes, mudflats,
estuarine, aguati c and marinereptiles, gameand non-gamefish species, estuarine, aquatic and marine
invertebrates, estuarine, aquatic and marine mammals, birds, shellfish, and mollusks. Authorities
repeatedly value ecosystem processes that underlie biotic resources, in particular a natural
hydroperiod, and high water quality.

This palette of valued ecosystem components may be simplified somewhat by recognizing primary
producers (such as seagrasses and mangroves); lower consumers-- usually benthic fauna (shellfish
and other invertebrates, including shrimps and crabs); and higher consumers (fishes, birds, marine
mammals), plus natural or historic levels of hydroperiod and water quality.

Despitethe ambiguous status and trend of seagrassin Estero Bay, much commendsits consideration
as avalued ecosystem component. SAT (including rooted macroalgae) is a primary producer, and
aunique habitat for many valued species. Many aspects of SAT biology are known, and models
exist for their study innew areas. SAT presentsattributes (location, area, speciescomposition, depth
distribution) amenable to hind-casting aswell asforecasting. SAT has been used as amanagement
objective in other Florida bay management programs, with success. In Tampa Bay, for example,
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seagrass recovery was deemed feasible after discovering factors responsible for light attenuation in
the Bay, and the dependence of water clarity on nitrogen load reductions.

Mangroves are mentioned directly and indirectly by several authorities, and from principles of
estuarine ecology deserve such notice. On the other hand, there is a sentiment expressed in these
authoritiesthat preservation of existing mangroves, already achieved through anumber of regulatory
and other programs, is sufficient. But estuarine science strongly suggests that the large area of
mangroves in and around the Bay, combined with the Bay's shallow nature, make mangroves an
important factor in regulating Bay hydrology, water quality, and biological productivity. If so, we
need to know what these regulatory effectsarein order to understand how the Bay functions, or will
respond to management alternatives. Given theinseparablelink between mangrove ecosystemsand
the geology of south Florida, mangroves are likely to figure prominently in the geology of Estero
Bay. Asaresult, later remarks regarding the geology of Estero Bay should be interpreted to refer
to mangrove systems, as well.

Lower consumers such as shellfish and crustaceans have ecological, recreational, and commercial
value. Oysters, though not approved for consumption in Estero Bay, form reefs that are valuable
habitat for many species of fishes. Oysters are sedentary, making them good indicators of water
quality. Like SAT, oysters present attributes (location, area, condition, size, depth distribution)
amenable to hind-casting as well as forecasting. Oysters have also been used as a management
objectivein other Florida bay management programs, with success. Inthe St. Lucie River estuary,
for example, damaging levels of freshwater discharge were gauged according to the survival ability
of oysters. Hard clams have been used in the Sebastian River and Indian River Lagoon for the same
type of assessment. Shrimps and crabs are harvested for consumption, and are primary prey species
for fishes, but the mobility of these animals limits their analytical usefulness as valued ecosystem
components. The same limitation applies to higher consumers.

Natural hydroperiodsand good water quality have been mentioned asval ued ecosystem components.
The metrics for these attributes are known. A natural hydroperiod can be calculated through
modeling of pre-development conditions. State water quality standards can be used as straight-
forward indicators of pollution. Their use in Estero Bay presents some difficulties, however. The
topography, water budget, and discharges of the modern watershed are incompl etely known. Hind-
casting modelswill face difficult assumptionsin the absence of historic data. Water quality criteria
do not address nutrients (nitrogen, phosphorus) in empirical terms. Nutrients may not cause
ecological imbalance, and this standard must therefore beinterpreted using dataon living resources
such as seagrass. Moreover, there are no standards or criteriafor sainity.

These difficulties could be addressed by recognizing oligohaline habitat as a valued ecosystem
component. Oligohaline water has a salinity less than 10 parts per thousand (ppt). Seawater hasa
salinity of about 35 ppt. Oligohaline waters occur in and near sources of freshwater outflow. Their
gpatial extent and persistence integrate the effects of hydrology and water chemistry. Oligohaline
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water is amenable to statistical and other types of modeling. As the fulcrum between the land and
the Bay, metrics of oligohaline water can serve as "canaries" indicating the net interplay of runoff
and tides. Oligohaline water is an essential habitat for the successful completion of many species
life cycle, but sudden or persistent excursions of oligohaline watersinto baysharm overall estuarine
productivity. Moreover, nutrient enrichment is often expressed as harmful algal blooms or oxygen
depletion in low salinity waters, before being expressed in open bay waters. Metrics of oligohaline
water could also fulfill the call by authorities for meaningful ecological indicators for the Bay.

Social expectations for Estero Bay are very high, and go far beyond maintenance of the status quo.
The Bay isaFlorida Aquatic Preserve and Outstanding FloridaWater. The State of Floridaintends
that the aquatic preserve be managed for wilderness purposes. The OFW designation requires that
no degradation of water quality be allowed. The South Florida Water Management District gave
Estero Bay the highest ranking among estuaries for SWIM status, as a preservation priority. Lee
County seeksto meet all established pollution load reduction goals for the Bay, and to work toward
Class Il (waters of the state) classification-- meaning that shellfish waters would be opened.
Numerous authorities codify an intent to establish natural, historic, or pre-development conditions
with respect to hydrology and water quality.

At facevalue, then, areview of bay authoritiesfindsthat social expectationsfor Estero Bay are more
ambitiousthan any stated for most other bay management programsin Florida. The sameauthorities
acknowledge that scientific understanding of the Bay must beincreased, but in reality the desirefor
new understanding has far out paced the rate at which studies have been conducted.

1.4 Recommended Goalsfor the Estero Bay Research Plan
1.4.1 Remarks

A few points must be made as introduction to the research goals for Estero Bay, as these color the
form and content of the goals. First among these is the inescapable need for goals to address the
widely-held management intent to achievenatural, historic, or pre-devel opment conditionsin Estero
Bay. Noinferenceisdrawn that existing physical changesto the Bay, such as development, areto
be undone. Isit possible then, or desirable, to seek natural conditions? For the most part, the
answer isyes.

It is highly desirable to seek such agoal from a scientific standpoint. The Bay's present condition
largely reflectsitsoriginal condition, and natural conditionsof the past are knowablethrough historic
records, proxy records, hind-casting, and modeling. Another reason isthat the Bay as a system has
evolved under a particular combination of physical and chemical conditions, few of which have
changed significantly due to the works of humans. When perturbed, the tendency of Estero Bay is
toward its structural and functional condition prior to the perturbation. Also, thereislittle evidence
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that estuaries"adapt” to profound changesin their structuring influences; they instead persist at sub-
optimal levels.

The most compelling point to be discovered in the progress made thus far toward developing an
Estero Bay research plan will no doubt be the least expected among many bay investigators or
enthusiasts, and it isthis:

Geological structures and processes® in the bay, watershed, and inshore shelf are
[probably] the dominant regulators of Estero Bay's hydrology, water quality, and
ecology. Impacts of stressors (altered freshwater inflow, nutrient loadings,
contaminants) or trendsin valued ecosystem components (seagrasses, fish and wildlife)
can be under stood and managed only by under standing factor s which control the Bay's
geomor phol ogy.

A number of geological factors almost certainly affect most aspects of the Bay's natural processes.
Surface water hydrology and water quality are affected by inland topography and soils. Capstone
beneath the Bay may affect groundwater efflux. Seasonal and annual variations in sealevel must
affect the Bay's circulation profoundly, with cascading effects on water quality, seagrasses and
mangroves, and larval recruitment and retention.

Estero Bay's shallow nature is the key to its science and management. Compared to other Florida
estuaries, the Bay isvery much shallower. Itstidal prismismuch greater than tributary inflow under
most conditions, yet it has a proportionately larger watershed than other estuaries (Figure 1). The
Bay is not merely shallow. It lacks any sign of down-cut channels beyond the mouths of its
tributaries, and tidal inlet channels are weak, and short.

Asmentioned previously, some disagreement exists regarding the original abundance of seagrasses
inthe Bay. Y et, the shallow nature of the bay does allow for the possibility that seagrasses a) never
were abundant, or b) were abundant but have declined in response to changesin the elevation of the
bay bottom. These are speculativeinterpretations, but other lines of evidence suggest the possibility
of depth regulation of seagrasses. In Sarasota Bay, seagrasses do not grow as deeply in areas with
higher nutrient loads, than areas with lower loads. Given the large watershed-to-bay ratio in Estero
Bay, and as-yet unconfirmed trends of increasing nutrient loading from the watershed, seagrasses
may have declined, or be declining, as aresult of the Bays shallow nature.

Most of what has been written of Estero Bay's resources and issues treat the bay's geology as a
formless, stable tableau across which flows or nutrient loads have changed, or biological attributes
have declined. We need to know how it is that Estero Bay maintains its shallow nature, if suchis
the case, especialy intheface of rising sealevel. We need to know where bay sediments originate,

2 Including mangroves.
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how they are transported, and why they are deposited. Are sediments dominated by calcium
carbonate, or quartz? Could bivalvesin the bay and shallow Gulf be responsible for supplying the
bay with sediment? If the sediment originates inland, how has it reached the bay given therivers
low relief and typically low discharges? What are theimplicationsfor circulation, water quality, or
biology, of seemingly unimportant channel improvements?

In the research goals to follow, geological foundations of valued ecosystem components have been
included, to reflect the hypothesized importance to resource management of Estero Bay's
geomorphology.

1.4.2 Recommended Goals

Goals recommended for the development of the Estero Bay Research Plan are given in Table 2.
Three primary goals are established, for the valued ecosystem components of submerged aguatic
vegetation, shellfish, and oligohaine habitats. Each is meaningful in the context of Bay
management. Each is verifiable through empirical measurement, and each is practical (achievable
with existing technology). Primary goals address primary and secondary producers at the species,
community, and habitat levels of biological organization. Each is traceable through intermediate
goals to major management issues of freshwater inflow, and water quality.

Restoration of historic conditions for submerged aquatic vegetation creates an opportunity to settle
uncertainties that presently accompany trend analyses. Historic conditions may prove to equal or
exceed modern conditions, but either outcome will have significant implications for Bay
management. It isalso possible that some SAT metrics (area, location) have changed while others
(species composition, condition) have not, and such distinctions would be essential to discover.

Achieving the primary goal for SAT will require that goals be met for proximate stressors of SAT.
Research questionswill be needed that address multiple possible sources of turbidity in this shallow
Bay. Direct exposure stress also will need investigation. Within the geological setting, structure,
and processes affecting the Bay, it will be necessary to learn the extent to which the quantity and
quality of freshwater inflows to the Bay regulate proximate stressors.

Improving the shellfish status of Estero Bay requires knowledge of existing shellfish resources, as
well as general water quality and surface water sanitation. Research questions can make good use
of existing information on oysters, hard clams, and other dominant bivalves. Needed will be data
on circulation, water quality, and primary production, all traceable back to freshwater quantity and
quality issues. Data on sources, transport, and fates of pathogens also will be needed.

By the same token, the goal of registering oligohaline habitats to their proper landscape position
generates a number of research questions regarding freshwater quantity and timing. Taken as a
whole, research questions generated for al eight goals should guide the definition of analytical
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methodswhich, if implemented in the second phase of the Estero Bay Assessment, may be expected
to generate information useful in the definition of water quality and water quantity objectives, or
pollution load reduction goals for the Bay.
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